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(57) ABSTRACT 

A high-luminance plasma display panel has a plurality of 
discharge cells including a phosphor ?lm emitting Visible 
rays by excitation caused by ultraviolet light generated by the 
discharge of a discharge gas. The phosphor ?lm has at least 
tWo layers of a phosphor layer and a re?ecting layer, and the 
phosphor layer is arranged closer to the discharge space side 
than the re?ecting layer. A ?lm thickness Wt of the phosphor 
?lm is 40 um or less, and a ?lm thickness Wp of the phosphor 
layer, a particle diameter dp of a phosphor that is at least a part 
of components of the phosphor layer, a ?lm thickness Wr of 
the re?ecting layer, and a particle diameter dr of a re?ecting 
material that is at least a part of components of the re?ecting 
layer satisfy 2dp§Wp§5dp and 2dr§Wr§Wt-Wp. 

20 Claims, 12 Drawing Sheets 
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PLASMA DISPLAY PANEL AND PLASMA 
DISPLAY APPARATUS USING THE SAME 

TECHNICAL FIELD 

The present invention relates to a plasma display panel 
(hereinafter, also called “plasma panel”) used in a ?at-screen 
television set and the like and a plasma display apparatus 
(hereinafter, also called “plasma display”) using the same, 
and also relates to a structure for realizing high luminance. 
Further, the present invention relates to a structure for achiev 
ing both high luminance and high contrast. 

BACKGROUND ART 

A plasma display apparatus is utiliZed as a large-screen ?at 
display for various applications such as a television set and a 
billboard. Currently, development of the plasma display 
apparatus has been advanced toWard higher performance, 
especially, higher luminance or higher e?iciency in order to 
achieve further improvement of display characteristics. 

In recent years, in the market surrounding such a plasma 
display apparatus, performance competition including other 
?at displays such as a liquid crystal display is very keen. The 
plasma display apparatus is especially required to have higher 
luminance (higher ef?ciency) and higher contrast, and it is 
also required to be full HD (High De?nition) compliant 
(higher de?nition) for the upcoming high-resolution digital 
television broadcasting. 

Japanese Patent Document 1 (Patent Application Laid 
Open Publication No. H11-204044), in order to obtain a 
plasma display apparatus having high light emitting e?i 
ciency and luminance With respect to a siZe of a discharge 
cell, discloses a technique in Which a phosphor layer is dis 
posed over barrier ribs and a back plate plane and a visible ray 
re?ecting layer is disposed betWeen the back plate and the 
phosphor layer so that transmittance of the phosphor layer to 
visible rays is averagely higher on the visible ray re?ecting 
layer than on the barrier rib. 

Patent Document 2 (Japanese Patent Application Laid 
Open Publication No. 2000-11885), in order to obtain a 
plasma display apparatus having improved luminance as Well 
as preventing poor Withstand voltage and also its luminance 
becomes even for red, green, and blue, discloses a technique 
in Which a re?ecting layer containing a White color material 
(for example, TiO2) is formed on side Wall surfaces of barrier 
ribs and a bottom surface positioned betWeen barrier ribs in 
contact With a phosphor layer on a rear substrate. 
Patent Document 1: Patent Application Laid-Open Publica 
tion No. H11-204044 
Patent Document 2: Japanese Patent Application Laid-Open 
Publication No. 2000-11885 

DISCLOSURE OF THE INVENTION 

Problems to be Solved by the Invention 

A ?rst problem to be solved by the present invention lies in 
an achievement of higher luminance (higher e?iciency) for a 
plasma display panel. Also, an achievement of higher lumi 
nance in the full HD compliance (higher de?nition) for the 
future high-resolution digital television broadcasting. A sec 
ond problem is to achieve higher contrast for these high 
luminance plasma panels. Accordingly, a plasma panel 
capable of achieving higher luminance and higher contrast 
can be realiZed. 
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2 
Achievement of higher luminance Which is the ?rst prob 

lem has been studied in various Ways for some time, and 
various means have been proposed. 

For example, like Patent Document 1 (Japanese Patent 
Application Laid-Open Publication No. H11-204044) and 
Patent Document 2 (Japanese Patent Application Laid-Open 
Publication No. 2000-011885), means to achieve higher 
luminance by forming a layer having a high re?ection coef 
?cient betWeen a phosphor ?lm and a pho sphor-layer holding 
portion so that visible rays from phosphors are e?iciently 
emitted to the front substrate side. 

HoWever, in these proposed techniques, for example, a 
relationship of thicknesses of the phosphor layer and the 
re?ecting layer is not clari?ed, and a condition Which loWers 
luminance is included depending on thickness conditions. To 
achieve higher luminance, it is necessary to clarify a relation 
ship betWeen optical characteristics of the phosphor layer 
composing the phosphor ?lm and the re?ecting layer, and also 
necessary to clarify a relationship betWeen thickness and 
particle diameter in?uencing these characteristics. That is 
because higher luminance (higher ef?ciency) can be achieved 
only by clarifying these relationships and optimiZing respec 
tive conditions. 

In addition, achievement of higher luminance of the full 
HD compliant plasma display panel (high de?nition plasma 
panel) is also an important problem. A siZe of the discharge 
cell is small in the full HD compliant plasma display panel. 
For example, in the case of a discharge cell in a 42-inch XGA 
plasma display panel (Extended Graphics Array), the siZe in 
the horiZontal direction on the screen is about 300 um, While 
it is about 160 pm in the case of full HD. Like this, if the cell 
siZe is reduced, a discharge space becomes small, and a loW 
ering of emission e?iciency (loWering of luminance) is 
expected as a result. 

Accordingly, for the future, a technique for achieving high 
luminance targeting the full HD and high de?nition is also an 
essential technique to be developed. Also in this case, it is 
considered that high luminance can be realiZed by utiliZing a 
high re?ection material in a dielectric and a barrier rib con 
?guring a phosphor holding portion. HoWever, it is necessary 
to clarify a relationship betWeen a ?lm thickness of a phos 
phor and re?ection characteristics of the phosphor holding 
portion and a cell siZe (a siZe of a discharge space). 
A second problem is to achieve high contrast of a high 

luminance plasma panel. The term “contrast” here means 
bright-room contrast. To the plasma display, outside light 
enters and luminance in the black color display becomes high 
due to light re?ected by members such as a phosphor ?lm 
con?guring the plasma display. Thereby, loWering of contrast 
occurs. 

An object of the present invention is to clarify relationships 
among a ?lm thickness of a phosphor ?lm con?guring a 
plasma display panel, a ?lm thickness of a re?ecting layer, 
and a diameter of particles con?guring each ?lm to de?ne 
conditions Which can realiZe high e?iciency, thereby provid 
ing a high-luminance plasma display panel and a plasma 
display apparatus using the same. Another object is to achieve 
both high luminance and high contrast to provide a high 
performance plasma display panel and a plasma display appa 
ratus using the same. 
The above and other objects and novel characteristics of the 

present invention Will be apparent from the description of this 
speci?cation and the accompanying draWings. 

Means for Solving the Problems 

The typical ones of the inventions disclosed in this appli 
cation Will be brie?y described as folloWs. 
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A plasma display panel according to the present invention 
comprises at least a plurality of discharge cells as part of 
components. The discharge cell includes: electrodes for 
applying voltage to the discharge cell; a discharge gas for 
forming discharge, a discharge space Where the discharge is 
formed; and a phosphor ?lm emitting visible rays according 
to excitation caused by ultraviolet light generated by the 
discharge, as at least part of its components. The phosphor 
?lm includes at least tWo layers of a phosphor layer and a 
re?ecting layer, the phosphor layer being disposed closer to 
the discharge space side rather than the re?ecting layer. A 
thickness of the phosphor ?lm, namely, a phosphor ?lm thick 
ness Wt is 40 pm or less; and a thickness of the phosphor 
layer, namely, a phosphor layer thickness (?lm thickness) 
Wp, a particle diameter of phosphor that is at least a part of 
components of the phosphor layer, namely, a phosphor par 
ticle diameter dp, a thickness of the re?ecting layer, namely, 
a re?ecting layer thickness (?lm thickness) Wr, and a particle 
diameter of a re?ecting material that is at least a part of 
components of the re?ecting layer, namely, a re?ecting mate 
rial particle diameter dr satisfy 2dp§Wp§5dp and 2dr 
WréWt-Wp. 
A plasma display panel according to the present invention 

comprises at least a plurality of discharge cells as part of its 
components. The discharge cell includes: electrodes for 
applying voltage to the discharge cell; a discharge gas for 
forming discharge; a discharge space Where the discharge is 
formed; and a phosphor ?lm emitting visible rays according 
to excitation caused by ultraviolet light generated by the 
discharge, as at least part of its components. And, the plasma 
display panel comprises a phosphor ?lm holding portion 
holding the phosphor ?lm. A thickness of the phosphor ?lm, 
namely, phosphor ?lm thickness Wt, a particle diameter of 
phosphor Which is at least a part of components of the phos 
phor layer, namely, a phosphor particle diameter dp, and a 
re?ection coe?icient [3s of at least a part of a surface holding 
the phosphor ?lm of the phosphor ?lm holding portion satisfy 
2dp§Wt§5dp and 0.70§[3s. 

Further, a plasma display apparatus according to the 
present invention comprises at least a plasma display panel 
and a driving unit for applying voltage to the plasma display 
panel as part of its components. The plasma display panel 
includes at least a plurality of discharge cells as part of its 
components. The discharge cell includes: electrodes for 
applying voltage to the discharge cell; a discharge gas form 
ing discharge; a discharge space Where the discharge is 
formed; and a phosphor ?lm emitting visible rays according 
to excitation caused by ultraviolet light generated by the 
discharge as at least part of its components. The phosphor ?lm 
includes at least tWo layers of a phosphor layer and a re?ect 
ing layer, the phosphor layer being disposed closer to the side 
of the discharge space rather than the re?ecting layer. Also, 
the plasma display panel comprises a phosphor ?lm holding 
portion holding the phosphor ?lm. A thickness of the phos 
phor ?lm, namely, a phosphor ?lm thickness Wt is 40 pm or 
less, and a thickness of the phosphor layer, namely, a phos 
phor layer thickness Wp, a particle diameter of phosphor 
Which is at least a part of components of the phosphor layer, 
namely, a phosphor particle diameter dp, a thickness of the 
re?ecting layer, namely, a re?ecting layer thickness Wr, and a 
particle diameter of a re?ecting material Which is at least a 
part of components of the re?ecting layer, namely, a re?ecting 
material particle diameter dr satisfy 2dp§Wp§5dp and 
2dr§Wr§Wt-Wp. 

The effects obtained by typical aspects of the present 
invention Will be brie?y described beloW. 
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4 
According to the present invention, a high-luminance 

plasma display panel and a plasma display apparatus using 
the same can be provided. 

Further, a high-performance plasma display panel Which 
can achieve both high luminance and high contrast and a 
plasma display apparatus using the same can be provided. 

BRIEF DESCRIPTIONS OF THE DRAWINGS 

FIG. 1 is a cross-sectional vieW of main parts schematically 
illustrating a plasma display panel Which is an embodiment of 
the present invention; 

FIG. 2 is a graph illustrating a relationship betWeen an 
average number of layers of particle diameters con?guring a 
phosphor layer and luminance; 

FIG. 3 is a graph illustrating a relationship betWeen a ?lm 
thickness of a phosphor layer formed on a re?ecting layer and 
luminance; 

FIG. 4 is a graph illustrating a relationship betWeen a ?lm 
thickness of a re?ecting layer and a re?ection coef?cient 
thereof; 

FIG. 5 is a contour graph illustrating a luminance to a ?lm 
thickness of a phosphor layer and a ?lm thickness of a re?ect 
ing layer; 

FIG. 6 is a contour graph illustrating a luminance to a ?lm 
thickness of a phosphor layer and a ?lm thickness of a re?ect 
ing layer and shoWing a ?lm thickness range Which can 
achieve an effect of the present invention When a ?lm thick 
ness ofa phosphor ?lm is 40 um or less; 

FIG. 7 is a contour graph illustrating a luminance to a ?lm 
thickness of a phosphor layer and a ?lm thickness of a re?ect 
ing layer and illustrating a ?lm thickness range Which can 
achieve an effect of the present invention When a ?lm thick 
ness ofa phosphor ?lm is 25 um or less; 

FIG. 8 is a cross-sectional vieW of main parts schematically 
illustrating a plasma display panel according to an embodi 
ment of the present invention; 

FIG. 9 is a cross-sectional vieW of main parts schematically 
illustrating a plasma display panel according to an embodi 
ment of the present invention; 

FIG. 10 is an exploded perspective vieW of a plasma dis 
play panel Which is an embodiment of the present invention; 

FIG. 11 is a diagram for describing a plasma display appa 
ratus using a plasma display panel; 

FIG. 12 is an exploded perspective vieW of a plasma dis 
play panel Which is an embodiment of the present invention; 

FIG. 13 is an exploded perspective vieW of a plasma dis 
play panel Which is an embodiment of the present invention; 

FIG. 14 is an exploded perspective vieW of a plasma dis 
play panel Which is an embodiment of the present invention; 

FIG. 15 is a cross-sectional vieW of main parts schemati 
cally shoWing a plasma display panel Which has been studied 
by the present inventors; and 

FIG. 16 is an explanatory diagram shoWing a relationship 
betWeen a ?lm thickness of a phosphor ?lm and relative 
luminance. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

Hereinafter, embodiments of the present invention Will be 
described in detail With reference to the accompanying draW 
ings. Note that components having the same function are 
denoted by the same reference symbols throughout the draW 
ings for describing the embodiment, and the repetitive 
description thereof Will be omitted. In addition, the descrip 
tion of the same or similar portions is not repeated in principle 
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unless particularly required. Also, in the present application, 
the term “phosphor layer” indicates a layer having a function 
of converting ultraviolet light to visible rays to emit light, and 
the term “re?ecting layer” indicates a layer having a function 
of re?ecting visible rays emitted from a phosphor toWard a 
discharge space side. In this application, the term “phosphor 
?lm” indicates a ?lm con?gured to contain phosphor, and it is 
discriminated from the term “phosphor layer”. Also, in the 
present application, “front substrate” and “rear substrate” 
Will be explained such that a substrate serving as a display 
surface through Which emitted rays from the phosphor pass is 
the front substrate and a substrate Which does not serve as the 

display surface is the rear substrate When both the substrates 
are assembled as a panel. 

(Concept of Achieving High Luminance) 
FIG. 15 is a cross-sectional vieW of main parts schemati 

cally illustrating a plasma panel 100 Which has been studied 
by the present inventors. Incidentally, FIG. 15 a front sub 
strate 101 and a back substrate 106 are illustrated being sepa 
rated for easily understanding the structure. 
As shoWn in FIG. 15, a bus electrode 103, a transparent 

electrode 102, a dielectric 104, and a protective ?lm 105 are 
disposed on the front substrate 101 in this order. On the other 
hand, address electrodes 109 are disposed on the back sub 
strate 106 and a dielectric 108 is disposed so as to cover the 
address electrodes 109. Barrier ribs 107 are disposed on the 
dielectric 108 and a phosphor ?lm 110 is disposed betWeen 
barrier ribs 107 adjacent to each other. A discharge space 114 
is formed betWeen the front substrate 101 and the back sub 
strate 106 by attaching the front substrate 101 and the back 
substrate 106 facing each other, so that the plasma panel 100 
is con?gured. 

Here, a volume of the discharge space 114 varies according 
to change of a thickness of the phosphor ?lm 110, and the ?lm 
thickness of the phosphor ?lm 110 is set to a ?lm thickness 
Which maintains discharge in the discharge space 114. The 
phosphor ?lm 110 in the plasma panel 100 is formed to have 
a thickness of about 25 um, for example. Increase of the ?lm 
thickness of the phosphor ?lm 1 1 0 is considered for achieving 
high luminance, but occurrence of various adverse effects due 
to the increase of the ?lm thickness is concerned. 

For example, there are loWering of an ultraviolet light 
generation ef?ciency caused by narroWing of the discharge 
space 114, rising of driving voltage for driving the plasma 
panel 100, and so forth. Since the increase of the ?lm thick 
ness of the phosphor ?lm 110 reduces an effect of high lumi 
nance While in?uence of such adverse effects is expanded, it 
cannot be greatly expected as a technique for achieving high 
luminance for a plasma display. 
A graph shoWing a relationship betWeen a ?lm thickness of 

the phosphor ?lm 110 and relative luminance is illustrated in 
FIG. 16. As illustrated in FIG. 16, improvement of luminance 
can be expected by increase of the ?lm thickness of the 
phosphor ?lm 110. HoWever, When the ?lm thickness of the 
phosphor ?lm 110 reaches a certain ?lm thickness or more 
(20 pm or more, in FIG. 16), the relative luminance is almost 
saturated, and thus improvement of the luminance corre 
sponding to increase of the ?lm thickness cannot be expected. 

Therefore, it is necessary to improve such a relationship 
betWeen the luminance and the ?lm thickness of the phosphor 
layer in order to achieve high luminance of the plasma dis 
play. The present inventors have focused on a function of the 
phosphor ?lm in order to improve such a relationship funda 
mentally and have found the best con?guration (?lm thick 
ness conditions etc.) for exerting respective functions maxi 
mally. 
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The function of the phosphor ?lm Will be described. Brie?y 

describing, the phosphor ?lm can have an emission function 
of converting ultraviolet light to visible rays and emit the 
same and a re?ection function of radiating visible rays toWard 
a front face of the panel. 

In a structure such as a plasma panel, ultraviolet light 
generated Within the discharge space is incident on the phos 
phor ?lm from one direction. Therefore, When the ?lm thick 
ness of the phosphor ?lm is thick, ultraviolet light does not 
reach a loWer region of the phosphor ?lm, so that the loWer 
region does not serve as the emission function but serves as 
the re?ection function. 

For example, in the relationship betWeen a phosphor ?lm 
thickness and luminance illustrated in FIG. 16, it is consid 
ered that a portion of the phosphor ?lm Which serves as the 
emission function is an upper region of the phosphor ?lm 
Which is positioned from a surface of the phosphor ?lm doWn 
to a depth of about 15 um. It is considered that the loWer 
region positioned beloW the depth of 15 pm (for example, a 
region from the surface of the phosphor ?lm to a depth of 
about 30 um) mainly serves as the re?ection function. That is, 
the loWer region serving as the re?ection function is not 
required to be made of a phosphor ?lm provided With the 
emission function, but it is desirable that the loWer region is 
made of a material optimal for emitting visible rays toWard 
the front face of the panel. 

Thus, With focusing on the tWo functions of the phosphor 
?lm (phosphor function and re?ection function), high lumi 
nance can be achieved by con?guring the phosphor ?lm to 
have a tWo-layer structure (a ?rst con?guration) separating 
the respective functions to a phosphor layer and a re?ecting 
layer. High luminance can also be achieved by causing barrier 
ribs and dielectrics Which are phosphor ?lm holding portions 
for holding the phosphor ?lm to have the re?ection function, 
and adopting a phosphor ?lm having only the phosphor func 
tion, namely, a one-layer con?guration of a phosphor layer (a 
second con?guration). 

(First Con?guration) 
The ?rst con?guration in the present invention Will be 

described. A phosphor ?lm described here has at least tWo 
layers of a phosphor layer and a re?ecting layer. That is, high 
luminance can be achieved by con?guring the phosphor ?lm 
to have a tWo-layer con?guration including a phosphor layer 
and a re?ecting layer. HoWever, it is considered that high 
luminance cannot be achieved by simply providing a phos 
phor layer and re?ecting layer and it can be achieved only 
When respective ?lm thicknesses of a phosphor layer and a 
re?ecting layer and optical characteristics satisfy certain con 
ditions. 

Therefore, the present inventors have found conditions of 
respective ?lm thicknesses of a phosphor layer and a re?ect 
ing layer and optical characteristics (especially, re?ection 
coe?icient of the re?ecting layer) Which can realiZe high 
luminance. The ?lm thicknesses for realiZing high luminance 
Will be described beloW. Incidentally, Patent Document 1 
(Japanese Patent Application Laid-Open Publication No. 
H1 l-204044) and Patent Document 2 (Japanese PatentAppli 
cation Laid-Open Publication No. 2000-1 1885) describe con 
?gurations Where a re?ecting layer is provided under a phos 
phor layer. In these Patent Documents 1 and 2, hoWever, a 
relationship betWeen a phosphor layer thickness and a re?ect 
ing layer thickness, and further, diameters of particles form 
ing the respective layers for realiZing high luminance is not 
shoWn. When these conditions are not optimiZed, even if a 
similar con?guration is adopted, loWering of luminance may 
occur. In the present invention, conditions of a ?lm thickness 
Which can realiZe high luminance are clari?ed With focusing 
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attention on tWo functions of the phosphor ?lm and examin 
ing the relationship betWeen the ?lm thickness and the 
re?ecting characteristic and the particle diameter. 

FIG. 1 is a cross-sectional vieW of mainparts schematically 
showing a plasma panel 20 according to an embodiment of 
the present invention. Note that FIG. 1 shoWs a state Where a 
front substrate 1 has been separated from a back substrate 6 
for easily understanding a structure of the plasma panel 20. 
As shoWn in FIG. 1, a bus electrode 3, a transparent elec 

trode 2, a dielectric 4, and a protective ?lm 5 are disposed on 
the front substrate 1 in this order. The bus electrode 3 is made 
of a loW resistance material such as silver, copper, and alu 
minum, the transparent electrode 2 is made of a transparent 
conductive material such as ITO (indium tin oxide), the 
dielectric 4 is made of a transparent insulating material such 
as a glass material containing SiO2 and/or B2O3 as its main 
component, and the protective ?lm 5 is made of such material 
as magnesium oxide (MgO). 
On the other hand, address electrodes 9 are disposed on the 

back substrate 6 on the side Where the back substrate 6 is 
attached to the front substrate 1 facing each other, and a 
dielectric 8 is disposed so as to cover the address electrodes 9. 
A plurality of barrier ribs 7 are disposed on the dielectric 8 at 
equal intervals. A phosphor ?lm 10 is disposed on the dielec 
tric 8 and side surfaces of the barrier ribs 7 betWeen adjacent 
barrier ribs 7. The phosphor ?lm 10 comprises a phosphor 
layer 12 and a re?ecting layer 11, as shoWn in an enlarged 
vieW of a portion “A” in FIG. 1, Where the phosphor layer 12 
is disposed closer to the a discharge space side than the 
re?ecting layer 11. The barrier rib 7 is made of a transparent 
insulating material such as a glass material containing SiO2 
and/ or B2O3 as its main component. 
A discharge space 14 is formed betWeen the front substrate 

1 (the protective ?lm 5) and the back substrate 6 (the phosphor 
?lm 10) by bonding the front substrate 1 and the back sub 
strate 6 together in an opposing manner, so that discharge 
cells are formed. A volume of the discharge space 14 affects 
stable discharge. Therefore, since the volume of the discharge 
space 14 varies according to change of the ?lm thickness of 
the phosphor ?lm 10, the ?lm thickness of the phosphor ?lm 
10 is set to be a ?lm thickness for performing discharge in the 
discharge space 14. 

FIG. 1 illustrates three discharge cells corresponding to 
three primary colors of RGB (red, green, and blue). The 
discharge cells are arranged in matrix so that the plasma panel 
20 is formed. Incidentally, though not illustrated, attachment 
of the front substrate 1 and the back substrate 6 is made by 
sealing by a loW melting point glass material applied to 
peripheral portions of the respective substrates, and after 
evacuating is performed through an exhaust hole generally 
opened on the back substrate 6, gas such as mixed gas of Ne 
and Xe is charged and sealed. 

In this manner, the plasma panel 20 includes at least a 
plurality of discharge cells as part of components, Where the 
discharge cell includes electrodes for applying voltage to the 
discharge cell, discharge gas for forming discharge, the dis 
charge space 14 Where discharge is formed, and the phosphor 
?lm 10 emitting visible rays utiliZing excitation caused by 
ultraviolet light generated by discharging as at least part of 
constituent elements. 
When a particle diameter of the phosphor to be excited by 

discharge is small, emission e?iciency of phosphor (ultravio 
let light-visible ray conversion e?iciency) loWers due to 
increase of a phosphor surface area. This is because surface 
defects of phosphor particles increase. On the other hand, 
When the particle diameter of the phosphor is large, a dense 
?lm cannot be formed, Which results in e?iciency loWering. 
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8 
Accordingly, the particle diameter of the phosphor is prefer 
ably in a range of 2 pm to 7 um, more preferably, in a range of 
3 pm to 5 um. 

Note that, as the phosphor material for the plasma display 
panel, blue color phosphor BaMgAl 1OO l7:Eu2", green color 
phosphor Zn2SiO4:Mn2+, and red color phosphor (Y,Gd) 
BO3zEu3+ are generally used. Incidentally, as the general 
description of phosphor materials, the portion before “ :” indi 
cates host material composition and the portion after indi 
cates luminescence center and means that substitution of 
atoms of a part of the host material has been performed at the 
luminescence center. 

Here, the thickness of the phosphor ?lm 10, namely, the 
phosphor ?lm thickness is de?ned as Wt, the thickness of the 
phosphor layer 12, namely, the phosphor layer thickness is 
de?ned as Wp, and the thickness of the re?ecting layer 11, 
namely, the re?ecting layer thickness is de?ned as Wr. That is, 
the ?lm thickness Wt of the phosphor ?lm 10 is equal to the 
sum of the ?lm thickness Wp of the phosphor layer 12 and the 
?lm thickness Wr of the re?ecting layer 11. 

For example, in a plasma panel of 42-inch XGA, a siZe of 
its discharge cell (a pitch of barrier ribs 7 in FIG. 1) is about 
300 pm. In the case of the structure of the plasma panel 20, 
Debye length Which is a measure for maintaining discharge 
stably is in a range of about 10'6 m to 10'4 m, and a Width of 
the discharge space 14 requires at least 100 um. 

Accordingly, When the siZe of the discharge cell is about 
300 um and an average Width of the barrier ribs 7 is about 120 
pm, the upper limit of the ?lm thickness Wt of the phosphor 
?lm 10 is 40 um ((discharge cell SIZeiWIdIh of discharge 
space 14*W1d1h of barrier rib 7)/ 2) in order to maintain 
discharge stably. 

In addition, since the cell siZe is reduced for achieving high 
?neness, further constraint on the upper limit of the ?lm 
thickness Wt of the phosphor ?lm 10 occurs in order to secure 
the discharge space 14. For example, the cell siZe becomes 
about 160 um in the full HD that Will be the main trend in the 
future digital broadcasting. At this time, When calculation is 
performed at a ratio of 42-inch XGA considering the Width 
100 pm of the discharge space 14 at least required for dis 
charge, the upper limit of the ?lm thickness Wt of the phos 
phor ?lm 10 becomes 15 um. 

Next, the condition of the ?lm thickness Wp of the phos 
phor layer 12 con?guring the phosphor ?lm 10 Will be 
described. Here, a particle diameter of the phosphor con?g 
uring at least a part of components of the phosphor layer 12, 
namely, a phosphor particle diameter is de?ned as dp. The 
particles of the phosphor have a certain distribution. That is, 
the particle diameter in the present application means a mean 
particle diameter, Which is a particle diameter in the case 
Where mass occupies 50% or more of the Weight of the Whole 
poWder in the particle distribution. The particle diameter dp 
can be measured by Counter Coal method, for example. Inci 
dentally, as described above, When the particle diameter of 
phosphor excited by discharge is small, the light emission 
e?iciency of the phosphor loWers according to increase of the 
phosphor surface area, but When the particle diameter of the 
phosphor is large, a dense ?lm cannot be formed, Which 
results in e?iciency loWering. Therefore, the particle diam 
eter dp of the phosphor is preferably in a range of 2 pm to 7 
pm, more preferably in a range of 3 pm to 5 pm. 

In order for the phosphor layer 12 comprising particles of 
phosphor to serve as emission function, at least phosphor 
particles must con?gure tWo or more layers on an average. 
That is, the loWer limit of the ?lm thickness Wp of the phos 
phor layer 12 is set to satisfy 2dp§Wp. When the ?lm thick 
ness is less than 2dp, the phosphor layer 12 is in a coarse state, 
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and ultraviolet light from the discharge space 14 go through 
the phosphor easily Without being converted to visible rays, 
so that the phosphor layer 12 does not serve as the lumines 
cence function. 

On the other hand, the upper limit of the ?lm thickness Wp 
of the phosphor layer 12 is determined according to tWo 
factors. One is the maximum ?lm thickness constrained from 
a relationship betWeen an adverse effect such as driving volt 
age rising and luminance described previously. The other is 
the maximum ?lm thickness such that visible rays emitted at 
the phosphor layer 12 reaches the re?ecting layer 11 su?i 
ciently and the re?ecting layer 11 suf?ciently serves as 
re?ecting function. When the ?lm thickness Wp of the phos 
phor layer 12 is extremely thick, visible rays emitted at the 
phosphor layer 12 do not reach the re?ecting layer 11, so that 
the effect of the re?ecting layer 11 disappears completely. 

FIG. 2 is a graph shoWing a relationship betWeen an aver 
age number of layers “n” of the particle diameter dp con?g 
uring the phosphor layer 12 and luminance, Where the particle 
diameter dp is used as a parameter (dp:3 .0, 4.0 pm). FIG. 3 is 
a graph shoWing a relationship betWeen the ?lm thickness Wp 
of the phosphor layer 12 (particle diameter dp:4.0 um) 
formed on the re?ecting layer 11 and luminance, Where the 
?lm thickness Wr of the re?ecting layer 11 is used as a 
parameter (Wr:0, 10, 13.5, 15 um). Incidentally, the average 
number of layers n is a value obtained by dividing the ?lm 
thickness Wp of the phosphor layer 12 by the particle diam 
eter dp of the phosphor. 
As shoWn in FIG. 2, in respective cases of dp:3.0 and 4.0 

pm, even if the average number of layers n of the phosphor 
layer 12 increases, luminance is almost saturated When the 
average number of layers n is 5 or more, so that improvement 
of luminance cannot be expected. An adverse effects such as 
rising of driving voltage or decrease of the discharge space 14 
as previously described occur according to increase of the 
average number of layers n (namely, increase of the thickness 
of the phosphor layer 12). Further, as shoWn in FIG. 3, When 
the ?lm thickness Wp of the phosphor layer 12 is 20 pm or 
more (in FIG. 3, the ?lm thickness Wp:20 um corresponding 
to the average number of layers n:5 because dp:4.0 pm), the 
luminance does not change regardless of presence/absence of 
the re?ecting layer 11. That is, When the ?lm thickness Wp of 
the phosphor layer 12 is thick like 20 pm or more, the re?ect 
ing layer 11 does not serve as the re?ecting function. From 
this, it is optimal that the upper limit of the ?lm thickness Wp 
of the phosphor layer 12 having only the emission function is 
set to Wp§5dp. 

Accordingly, the condition of the ?lm thickness Wp of the 
phosphor layer 12 con?guring the phosphor ?lm 10 is repre 
sented by the folloWing expression. 

(Mathematical Expression 1) 

Next, the condition of the ?lm thickness Wr of the re?ect 
ing layer 11 con?guring the phosphor ?lm 10 Will be 
described. Here, the particle diameter of the re?ecting mate 
rial (particles) con?guring at least a part of the components of 
the re?ecting layer 11, namely, a re?ecting material particle 
diameter is de?ned as dr. The particle diameter dr means a 
mean particle diameter. It is desirable that the particle diam 
eter dr of the re?ecting material forming the re?ecting layer 
11 is smaller than the particle diameter dp of the phosphor. 
This is because a re?ection coe?icient higher than that of the 
phosphor can be obtained easily as a packing density of 
particles becomes higher according to decrease of the particle 
diameter. Speci?cally, it is desirable that the particle diameter 

(Expression 1) 
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10 
dr of the re?ecting material is in a range of 0.5 pm to 4 pm. 
When such a particle diameter is adopted, re?ection coe?i 
cient higher than that of the phosphor layer having a ?lm 
thickness substantially equal to that of the re?ecting material 
can be obtained. 

In order for the re?ecting layer 11 to serve as the re?ecting 
function, at least re?ecting material particles must form at 
least tWo layers on an average. That is, the loWer limit of the 
?lm thickness Wr of the re?ecting layer 11 is optimally set to 
satisfy 2dr§Wr. When the ?lm thickness Wr is less than 2dr, 
the re?ecting layer 11 is in a coarse state, so that visible rays 
from the phosphor layer 12 go through the re?ecting layer 11 
and the re?ecting layer 11 does not serve as the re?ecting 
function. 
On the other hand, regarding the upper limit of the ?lm 

thickness of the re?ecting layer 11, only its re?ection coe?i 
cient can be considered, Where the re?ecting layer 11 is 
desirably formed to be thicker because the re?ection coe?i 
cient fundamentally becomes higher as it becomes thicker. 
HoWever, in vieW of limitation regarding the ?lm thickness of 
the phosphor ?lm 10 composed of the re?ecting layer 11 and 
the phosphor layer 12, it is necessary to satisfy Wr§(Wt— 
Wp). 

Accordingly, the condition of the ?lm thickness Wr of the 
re?ecting layer 11 con?guring the phosphor ?lm 10 is repre 
sented by the folloWing expression. 

(Mathematical Expression 2) 

2dr; Wr; (Wl- Wp) (Expression 2) 

As described above, the ?rst con?guration of the present 
invention lies in that the phosphor ?lm 10 is composed of the 
phosphor layer 12 and the re?ecting layer 11. In the plasma 
panel 20 having discharge cells With a predetermined siZe, it 
is required that the ?lm thickness Wp of the phosphor layer 12 
and the ?lm thickness Wr of the re?ecting layer 11 satisfy 
both the (Expression 1) and the (Expression 2) simulta 
neously in order to obtain high luminance, and the ?lm thick 
ness Wt of the phosphor ?lm 10 is made thin in order to 
maintain discharge stably. For example, When the siZe of the 
discharge cells is set to about 300 um and 160 pm, the ?lm 
thickness Wt of the phosphor ?lm is 40 pm or less and 15 pm 
or less, respectively. 

In order to obtain high luminance of the plasma panel 20 in 
this manner, the relationship betWeen the ?lm thickness Wp 
of the phosphor layer 12 and the ?lm thickness Wr of the 
re?ecting layer 11 becomes important. When the relationship 
cannot be optimiZed, even if the phosphor ?lm 10 is com 
posed of the phosphor layer 12 and the re?ecting layer 11, an 
effect of the re?ecting layer 11 under the phosphor layer 12 is 
reduced, for example, When the ?lm thickness Wp of the 
phosphor layer 12 is very thick, so that it cannot be expected 
to achieve high luminance. 

In the folloWing, dependency of the plasma panel 20 on 
luminance Will be examined using speci?c numerical values, 
namely, using the ?lm thickness Wp of the phosphor layer 12 
and the ?lm thickness Wr of the re?ecting layer 11 as param 
eters. 

First, the ?lm thickness Wp of the phosphor layer 12 Will be 
described. The luminance of the phosphor layer 12 in the case 
of disposing the re?ecting layer 11 (WFI 0, 13.5, 15) and the 
luminance of the phosphor layer 12 in the case of not dispos 
ing the re?ecting layer 11 (Wr:0) are compared With each 
other With reference to FIG. 3. When the ?lm thickness Wp of 
the phosphor layer 12 is 20 pm or more, the luminance does 
not change substantially regardless of presence/ absence of 
the re?ecting layer 11, but When the ?lm thickness Wp of the 
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phosphor layer 12 is thinner than 20 pm, the luminance 
changes according to presence/absence of the re?ecting layer 
11. 
When the re?ecting layer 11 is provided, high luminance is 

obtained in a state that the ?lm thickness Wp of the phosphor 
layer 12 is in a range of 6 pm to 25 um (range A1). Further, the 
?lm thickness Wp of the phosphor layer 12 is set in a range of 
6 um to 15 um (range A2) in order to obtain signi?cant effect 
Which can be detected by human vision. 

Next, the ?lm thickness Wr of the re?ecting layer 1 1 Will be 
described. FIG. 4 is a graph illustrating a relationship 
betWeen the ?lm thickness Wr of the re?ecting layer 11 and 
the re?ection coe?icient. The horizontal axis indicates the 
?lm thickness Wr of the re?ecting layer, While the vertical 
axis indicates re?ection coe?icient. Incidentally, the re?ect 
ing layer 11 used here is made of titanium oxide (TiO2). 
As the re?ection coef?cient, total re?ection is adopted, and 

the role of the re?ecting layer 11 is for re?ecting visible rays 
from the phosphor layer 12 arranged so as to contact With the 
re?ecting layer 11 toWards the front surface, Where it is desir 
able that the total re?ection including specular re?ection and 
diffusion re?ection is used as an index. Since visible rays are 
re?ected toWards the front surface ef?ciently, an average 
value of the re?ection coef?cient of a Waveform falling in a 
Wavelength range of the visible range (380 nm to 780 nm) is 
considered here. Thus, the re?ection coe?icient of the re?ect 
ing layer 11 means the total re?ection including specular 
re?ection coe?icient in the present application. 
As shoWn in FIG. 4, the re?ection coe?icient becomes high 

according to increase of the ?lm thickness Wr of the re?ecting 
layer 11, the re?ection coe?icient becomes substantially con 
stant When the ?lm thickness Wr reaches a certain ?xed value 
or higher, so that improvement of the re?ection coe?icient 
can hardly be obtained corresponding to increase of the ?lm 
thickness Wr of the re?ecting layer 11. When the ?lm thick 
ness Wr of the re?ecting layer 11 is 20 or more, the re?ection 
coe?icient becomes a ?xed value at about just beloW 90%. 

The role of the re?ecting layer 11 is to re?ect visible rays 
from the phosphor layer 12 toWards the front surface e?i 
ciently. Accordingly, it is the condition to be satis?ed by the 
re?ecting layer 11 that the re?ecting layer 11 has a re?ection 
coe?icient higher than that of the phosphor layer 12 in order 
to ful?ll the role as the re?ecting layer 11 at least. Since the 
re?ection coe?icient of a phosphor used in the phosphor layer 
12 utiliZed in a general plasma display or the like is 68 to 70%, 
it is found from FIG. 4 that at least the re?ecting layer 11 is 
required to have a re?ection coe?icient of 70% or more. That 
is, it is desirable that the ?lm thickness of the re?ecting layer 
11 is 7 pm or more. 

It is desirable that the re?ection coef?cient of the re?ecting 
layer 11 is high to a maximum extent. Especially, in the case 
of a cell siZe for high resolution (for example, full high 
de?nition or the like), it is necessary to reduce the ?lm thick 
ness Wt of the phosphor ?lm 10 in order to secure the dis 
charge space 14. In this case, the re?ection coe?icient of the 
re?ecting layer 11 is required to be 85% or more. 
On the other hand, it is desirable that the ?lm thickness Wr 

is smaller in order to secure the discharge space 14 and 
suppress increase of driving voltage, and accordingly, it is 
desirable that the ?lm thickness Wr of the re?ecting layer 11 
is 20 pm or less. 

Therefore, the ?lm thickness Wr of the re?ecting layer 11 
is set to fall in a range of 7 pm to 20 um (range B1) in order to 
obtain high luminance of the plasma panel 20 in the present 
invention. Further, in the case of achieving both reduced ?lm 
thickness and high re?ection, the ?lm thickness Wr of the 
re?ecting layer 11 is set to fall in a range of 10 pm to 15 um 
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12 
(range B2) in order to secure the discharge space and obtain 
high luminance of plasma panel 20 When the re?ection coef 
?cient of the re?ecting layer 11 is 80% or more. 

Next, a relationship among the phosphor layer 12 and the 
re?ecting layer 11, and luminance Will be described. FIG. 5 
illustrates luminance With respect to the ?lm thickness Wp of 
the phosphor layer 12 and the ?lm thickness Wr of the re?ect 
ing layer 11 using a contour graph. In FIG. 5, the horizontal 
axis (X axis) indicates the ?lm thickness Wp of the phosphor 
layer 12, While the vertical axis (Y axis) indicates the ?lm 
thickness Wr of the re?ecting layer 11. The direction (Z axis) 
perpendicular to the sheet indicates relative luminance. A 
reference of the relative luminance is a relative value obtained 
When luminance of a plasma panel 20 comprising the phos 
phor layer 12 having the ?lm thickness Wp:25 um and the 
re?ecting layer 11 having the ?lm thickness WFO pm is 1. In 
FIG. 5, the relationship among the ?lm thickness Wp of the 
phosphor layer 12 and the ?lm thickness Wr of the re?ecting 
layer 11, and the luminance is sectioned by ranges of relative 
luminance 0 to 0.5, 0.5 to 1, and 1 to 1.5 by a line of the 
relative luminance 1 and a line of the relative luminance 0.5. 
Incidentally, the plasma panel 20 having the ?lm thickness 
Wp:25 um and the ?lm thickness WFO um has the same 
structure as that of the plasma panel 100 Which has been 
studied by the present inventors described With reference to 
FIG. 15. 
As shoWn in FIG. 5, the relative luminance exceeds 1 in the 

range of the ?lm thickness Wp of the phosphor layer 12 from 
6 pm to 25 um described With reference to FIG. 3 (range A1) 
and in the range of the ?lm thickness Wr of the re?ecting layer 
11 from 7 pm to 20 um described With reference to FIG. 4 
(range B1). The relative luminance exceeds 1 and the relative 
luminance exceeds 1.05 in the range of the ?lm thickness Wp 
of the phosphor layer 12 from 6 um to 15 um described With 
reference to FIG. 3 (range A2) and in the range of the ?lm 
thickness Wr of the re?ecting layer 11 from 10 um to 15 um 
described With reference to FIG. 4 (range B2). 

Here, the relationship among the ?lm thickness Wt of the 
phosphor ?lm 10, the ?lm thickness Wp of the phosphor layer 
12, and the ?lm thickness Wr of the re?ecting layer 11 Will be 
summariZed. When a current discharge cell siZe is set to about 
300 um, the ?lm thickness Wt of the phosphor ?lm 10 is set to 
40 pm in order to maintain discharge stably. That is, the upper 
limit of the ?lm thickness Wt of the phosphor ?lm 10 
becomes 40 um due to further reduction of the discharge cell 
siZe according to high de?nition. Therefore, since the ?lm 
thickness Wt of the phosphor ?lm 10 is the sum of the ?lm 
thickness Wr of the re?ecting layer 11 and the ?lm thickness 
Wp of the phosphor layer 12, the upper limit of the ?lm 
thickness Wr and the ?lm thickness Wp becomes 40 um. 
When the siZe of the discharge cell is set to about 300 pm 

or less in this manner, the ?lm thickness Wt of the phosphor 
?lm 10 is 40 pm or less. The ?lm thickness Wp of the phos 
phor layer 12 is in a range of 6 pm to 25 pm, more prefer 
ably, in a range of 6 pm to 15 pm. The ?lm thickness Wr of the 
re?ecting layer 11 is in a range of 7 pm to 20 pm, more 
preferably, in a range of 10 pm to 15 pm. A graph illustrated 
in FIG. 6 is obtained by adding these relationships to the 
graph illustrated in FIG. 5. 
The region 1 illustrated in FIG. 6 is de?ned by adding a 

limitation of the ?lm thickness of the phosphor ?lm 10 Wt:40 
pm to a region Where the ?lm thickness Wp of the phosphor 
layer 12 is in a range of6 pm to 25 um and the ?lm thickness 
Wr of the re?ecting layer 11 is in a range of 7 um to 20 pm. 
The region 2 shoWn in FIG. 6 is de?ned by further adding a 
limitation such that the ?lm thickness Wp of the phosphor 
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layer 12 is in a range of 6 pm to 15 um and the ?lm thickness 
Wr of the re?ecting layer 11 is in a range of 10 pm to 15 pm 
to the region 1. 
When the ?lm thickness Wp of the phosphor layer 12 and 

the ?lm thickness Wr of the re?ecting layer 11 fall Within the 
region 1 in this manner, luminance higher than that of plasma 
panel 1 00 Which has been studied by the present inventors can 
be obtained. Further, When the ?lm thickness Wp of the 
phosphor layer 12 and the ?lm thickness Wr of the re?ecting 
layer 11 fall Within the region 2, high luminance Where the 
relative luminance exceeds 1.05 can be obtained. 

In addition, When the ?lm thickness Wt of the phosphor 
?lm 10 is set to 25 pm, the graph illustrated in FIG. 5 changes 
to the graph illustrated in FIG. 7. The region 3 illustrated in 
FIG. 7 is de?ned by adding a limitation of the ?lm thickness 
of the phosphor ?lm 10 Wt:25 pm to the region Where the 
?lm thickness Wp of the phosphor layer 12 is in a range of 6 
pm to 25 um and the ?lm thickness Wr of the re?ecting layer 
11 is in a range of 7 pm to 20 um. Further, the region 4 
illustrated in FIG. 7 is de?ned by further adding a limitation 
Where the ?lm thickness Wp of the phosphor layer 12 is in a 
range of 6 um to 15 um and the ?lm thickness Wr of the 
re?ecting layer 11 is in a range of 10 pm to 15 pm to the region 
3. 

In this manner, even if the ?lm thickness Wt of the phos 
phor ?lm 10 becomes thin due to further reduction of the 
discharge cell siZe according to high de?nition, luminance of 
the plasma panel 20 can be increased to high luminance by 
selecting the ?lm thickness Wp of the phosphor layer 12 and 
the ?lm thickness Wr of the re?ecting layer 11 falling Within 
the region 3 illustrated in FIG. 7. 
As the materials satisfying both the ?lm thickness condi 

tion of the re?ecting layer 11 and the re?ection coe?icient, 
there are Zinc oxide, silicon oxide, magnesium oxide, barium 
sulfate, alumina, and the like in addition to titanium oxide, 
Where the characteristic required as the re?ecting layer 11 of 
the present invention can be satis?ed as long as at least one of 
these materials is mixed in the material forming the re?ecting 
layer. 

Note that, While the structure Where the phosphor layer and 
the re?ecting layer contact With each other has been described 
in the above description, such a structure that another member 
or a space is disposed betWeen the phosphor layer and the 
re?ecting layer can be adopted as another con?guration. The 
latter structure is the same as the former one regarding such an 
idea to obtain a ?lm for achieving high luminance, and the 
latter structure is also applicable. 

(Second Con?guration) 
The second con?guration of the present invention Will be 

described. The basic concept to achievement of high lumi 
nance is the same as the ?rst con?guration. HoWever, in the 
second con?guration, such a con?guration that barrier ribs or 
dielectrics Which are phosphor ?lm holding portions (base) 
holding the phosphor ?lm are caused to serve as a re?ecting 
layer is adopted. 

For the high de?nition of the future plasma display, since 
the cell siZe becomes small (the discharge space becomes 
small), forming a re?ecting layer in a cell results in loWering 
of e?iciency. Therefore, the function of the re?ecting layer 
described in the ?rst con?guration is assumed by the barrier 
ribs or the dielectric layer of loWer layer, thereby suppressing 
reduction of the discharge space. 

FIG. 8 is a cross-sectional vieW of mainparts schematically 
illustrating a plasma panel 30 according to an embodiment of 
the present invention. Incidentally, FIG. 8 illustrates a state 
Where the front substrate 1 has been separated from the back 
substrate 6 for understanding the structure easily. 
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14 
In this manner, the plasma panel 30 has at least a plurality 

of discharge cells as part of components similarly to the 
above-described plasma panel 20, Where the discharge cell 
includes electrodes for applying voltage to the discharge cell, 
discharge gas for forming discharge, the discharge space 14 
Where discharge is formed, the phosphor ?lm 10 emitting 
visible rays according to excitation caused by ultraviolet light 
generated by discharge as at least part of components. The 
plasma panel 30 includes a phosphor ?lm holding portion 
(barrier ribs 31 and a dielectric 32 of the back substrate 6 in 
FIG. 8) holding the phosphor ?lm 10. 

Here, the thickness of the phosphor ?lm 10, namely, a 
phosphor ?lm thickness is de?ned as Wt, a particle diameter 
of phosphor Which is at least a portion of constituent elements 
of the phosphor ?lm 10, namely, a phosphor particle diameter 
is de?ned as dp, and a re?ection coe?icient of at least a part of 
a surface holding the phosphor ?lm of the phosphor ?lm 
holding portion is de?ned as [3s Incidentally, as described 
above, When the particle diameter of phosphor to be excited 
by discharge is small, a luminescence ef?ciency of the phos 
phor loWers due to increase of a phosphor surface area, but 
When the particle diameter of the phosphor is large, a dense 
?lm cannot be formed, Which results in e?iciency loWering; 
therefore, the particle diameter dp of the phosphor is in a 
range of 2 um to 7 pm, and more preferably, in a range of 3 pm 
to 5 pm. 

In order to obtain the plasma panel 30 With high luminance, 
such a condition that the ?lm thickness Wt of the phosphor 10 
is at least tWo times the phosphorparticle diameter dp must be 
satis?ed like the ?rst con?guration. This is because it is a 
minimal ?lm thickness necessary for functioning as a ?lm. 
On the other hand, it is desirable that the upper limit of the 

?lm thickness Wt is 5dp or less. When the ?lm thickness 
exceeds that, improvement of luminance cannot be expected 
as compared to increase of the ?lm thickness. Therefore, 
increase of thickness more than that causes decrease of the 
discharge space and increase of in?uence of such an adverse 
effect like increase of driving voltage. When the ?lm thick 
ness exceeding that is adopted, the effect of the high re?ection 
base serving as a base for the phosphor ?lm Will be com 
pletely lost. 

Accordingly, the condition of the ?lm thickness Wt of the 
phosphor ?lm 10 is represented by the folloWing expression. 

(Mathematical Expression 3) 

2dp §Wt§5dp (Expression 3) 

In order for the barrier rib 31*Wh1Ch is the phosphor ?lm 
holding portion and the dielectric 32 positioned under the 
barrier rib to serve as the re?ecting function, the re?ection 
coe?icient [3s of the phosphor ?lm holding portion is at least 
higher than the re?ection coe?icient of the phosphor con?g 
uring the phosphor ?lm 10. In this regard, since the re?ection 
coe?icient of the phosphor used in the phosphor ?lm 10 is in 
a range of 68 to 70%, at least the phosphor ?lm holding 
portion is required to have the re?ection coef?cient of 70% or 
higher. In addition, it is desirable that the re?ection coef?cient 
[3s is high to a maximum extent. Especially, in the case of a 
cell siZe With high resolution (for example, full high de?ni 
tion or the like), the re?ection coe?icient [3s is required to be 
85% or more. 

Accordingly, for obtaining the plasma panel 30 having 
high luminance, the condition of the re?ection coe?icient [3s 
of the barrier rib 31 Which is the phosphor ?lm holding 
portion and the dielectric 32 positioned at a loWer layer is 
represented by the folloWing expression. 

(Mathematical Expression 4) 










